BNMS instrument. We wish to thank in particular P. Eberhardt for filling at the University of Bern our inflight calibration vials. We be deduced from these data are expected to contribute significantly to the understanding of the dynamics of the Venus atmosphere. The design of the experiment and the equipment and software techniques that were developed specially for this experiment are described.
(slightly above the Nyquist rate) and digitized with 3 b/sample. The resulting 12.5 Mb/s data stream was then recorded, along with time derived from the local atomic clock, on magnetic tape using a wide-band instrumentation recorder modified for digital recording. A READ-after-WRITE playback capability was then used to provide the data to a fast-Fourier transform spectrum analyzer for verification of overall recording system performance. The signal-to-noise ratio (SNR) that existed at the DSN stations made the unambiguous detection of the Probe signals possible with the spectrum analyzers, but the smaller antenna and higher noise figure of the STDN stations made detection marginal at best, so those stations were operated largely without the benefit of real-time performance verification.
DATA ACQUISITION The data tracking phase of the Multiprobe mission, which extended from carrier turn-on of the first Probe until the Day Probe ceased transmitting from the Venusian surface occupied about 2.5 h during which nearly 10i2 bits of data were recorded. While these data occupied only a modest number of rolls of instrumentation tape, they were not in a form which would have permitted the required data processing. Had this amount of data simply been copied to computer tapes, several thousand reels would have been required. To reduce this amount of data to a manageable level, the wide-band recordings were transported to the Jet Propulsion Laboratory (JPL) where the data were digitally filtered to extract an approximately 1-kHz-wide spectral window about each of the seven (5 spacecraft and 2 calibration) signals present in the original 2-MHz recorded bandwidth. Conventional tracking data were acquired by the two DSN stations during the encounter, and this was used to obtain an a posteriori estimate of the frequency profile of each spacecraft as observed from each station. Fig. 4 illustrates a DATA PROCESSING The data processing is a multipass process in which the phase history of each signal at each station is determined. These histories are then differenced twice. First the phase for the same spacecraft is differenced for two receiving stations, then these differences for two spacecraft (a Probe and the Bus) are differenced to produce the desired information on the vector component of the velocity of the Probe relative to the Bus. This vector component hes in the plane defimnd by the two stations and the Probe and is normal to the average line of sight between the stations and the Probe. Further processing, involving knowledge of the Bus trajectory relative to the planet and knowledge of the Probe position relative to Venus, is necessary to define the direction of the local vertical at the Probe.
Further discussion here will be concerned only with the determination of the phase history of the Probe signals as observed at the stations.
The signals recorded at the DSN stations exhibit a sufficiently high SNR that they may be phase tracked without difficulty. This is done using a process that is essentially a digital model of the standard analog phase-locked loop. For the signals recorded at the STDN stations, however, the problem is more difficult because the signals are undetectable with less than a few seconds averaging time, and the rate of change of frequency remaining in the signals after the first step of processing at JPL is tod high to permit tracking the signals with a sufficiently narrow loop. To alleviate this problem, the frequency profile observed at a DSN station is adjusted by the expected Doppler difference between that station and a STDN station and then used to remove most of the remaining frequency variation. The resulting data are then digitally filtered to a 20-Hz bandwidth in which the signal can be tracked with a loop utilizing a 10-s time constant.
The SNR in this loop is approximately 10, but the phase error is as large as 0.5 radian and there are phase slips and periods of loss of lock caused by the rapid (relative to the averaging time) fluctuations of signal frequency. The frequency profile thus determined is then removed from the data, and the process is iterated several times. The resulting phase profile is the best available estimate of the phase profile of the signal as observed at the STDN station, but may still contain errors due to cycle slips or loss of lock in the phase-locked loop used. As a check on the quality of the data, the process is repeated, starting with the measured frequency profile from the other DSN station. The results typically agree to within the noise in the DSN data (6 degrees peak to peak) which is much less than the noise in the STDN data. This is, of course, a necessary but not sufficient condition to guarantee correct phase tracking. To gain additional confidence, the data are reprocessed using different integration times for the tracking loop. When a 6-s averaging time is used, the data are degraded by the remaining thermal noise, while for an 18-s averaging time, the actual frequency changes due to the varying Venus winds degrade the quality of the phase tracking. As a final check, the redundancy provided by the fourth observing station is used; the velocity profiles, as determined using data from the two DSN stations and one STDN station, are compared with the profiles using the two DSN stations and the other STDN station. Since the errors will occur largely as a result of attempting to phase track the weak STDN data, this last comparison provides considerable confidence that the profiles are correct to the level of the agreement observed. It is believed that the estimates of the velocity of the probes, relative to Venus and including all significant error sources, will be accurate to 0.3 m/s for all components when averaged over 100-s intervals.
INSTRUMENTATION
Much of the equipment used to support the DLBI experiment was standard tracking station equipment. This standard equipment includes the antenna and antenna-pointing equipment, the low-noise receiver preamplifiers, and the frequency standards and clocks. The receivers were a special widebandwidth single-sideband design for which phase stability was a major design consideration. A block diagram of the receiving system used at the DSN stations is shown in Fig. 5 . Performance requirements for the system are presented in Table I . The receivers used in the STDN stations were similar except that parametric preamplifiers were used rather than maser preamplifiers. The calibration tones were generated by a tunnel The output of the receiver, which contained the five spacecraft signals and the two calibration tones all dominated by the thermal noise present in the 2-MHz bandwidth, was then sampled at 0.24-,s intervals and quantized to 3 bits. The quantizer was designed with optimally spaced quantization levels to minimize the degradation in SNR caused by the quantizing. The quantized digital data, together with timing and error detection information, were then recorded on an instrumentation tape recorder which was specially modified for digital recording. The data were distributed across twenty tracks on the tape and recorded at a bit density of 11000 b/cm (28000 b/in). This permitted the recording of the 12.5 Mb/s data at a tape speed of 11.8 cm/s (30 in/s) which provided about 80 min of recording per reel of tape.
As discussed above, the wide-band tapes recorded at the four tracking stations were processed at JPL to produce narrowbandwidth records. Each tape contained the signal from one spacecraft or one calibration signal. The processing was entirely digital and was performed using special purpose hardware in conjunction with a general purpose computer. A conceptual block diagram of the process is given in Fig. 6 . The a posteriori estimate of the frequency profile for one signal was used by the control computer to control the frequency of the oscillator. The time base for this process was provided by the wide-band data samples, and the oscillator actually produced a sequence of numbers representing the oscillator output. Because this process was fully quantized in both time and amplitude, the phase history of the oscillator was exactly known. The oscillator output was multiplied by the signal samples in the mixer and the result summed in the filter. The running sum was sampled periodically and stored on the output tape. The quadrature channel was provided to allow separation of signals whose frequencies were above the oscillator frequency from those whose frequencies were below. This process was repeated for each of the seven input signals on each wide-band tape from each of the four stations. The resulting narrow-band data, in standard computer tape format, was then sent to M.I.T. for further processing by the experimenter.
Preliminary results reported by the experimenter [1] and [2] show that the recording equipment at all four stations functioned perfectly, and that the velocities of the winds on Venus can be estimated from the data.
